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INTRODUCTION
Many years of investigations have proven the viability of the Standard Model [1] , which describes satisfactorily observed processes and phenomena in particle physics. Yet, it is not free from serious drawbacks that motivate searches for Standard Model extensions that could provide answers to the remaining questions. In particular, the physics behind the hierarchy problem, the dark-matter phenomenon, and unification of gauge couplings calls for explanation.
Until recently, the Tevatron accelerator (FNAL, USA), which is characterized by the c.m. collidingbeam energy of 1.96 TeV and at which a wide range of studies including searches for supersymmetric partners of quarks, gluons, and gauge and Higgs bosons and searches for leptoquarks, extra spatial dimensions and effects associated with them, and new heavy gauge bosons and quarks is being performed, was the appropriate testing ground for new-physics searches.
The most recent results obtained on the basis of statistics corresponding to the integrated luminosity of about 2−4 fb −1 are considered in this article (previous review articles of the present author were devoted to results based on smaller statistics-see [2] ). Particular attention is given here to describing, on the basis of the minimal supersymmetric model (MSSM) and next-to-MSSM (nMSSM), the most recent results stemming from searches for supersymmetric Higgs bosons.
SEARCHES FOR SUPERSYMMETRIC
HIGGS BOSONS In MSSM, the Higgs sector is extended in relation to the Standard Model. Specifically, it includes * E-mail: Alexei.Popov@ihep.ru two Higgs doublets. Of these, one is associated with up-type fermions, while the other is associated with down-type fermions. Accordingly, there are five Higgs bosons-three neutral (scalar h and H and pseudoscalar A) and two charged (H ± ). In the leading-order (LO) approximation, the Higgs sector in MSSM can be described in terms of two parameters. For these, one most frequently takes the Higgs boson mass (M A ) and the ratio of the vacuum expectation values of two Higgs fields (tanβ). The region of small M A and large tanβ is the most interesting for searches for sypersymmetric Higgs bosons at the Tevatron accelerator, since, in this region, the cross section for the production of neutral supersymmetric Higgs bosons increases by a factor of about 2tan 2 β. In this region, the main modes of decay of the neutral Higgs boson are φ → bb (the branching fraction is about 90%) and φ → τ τ (the branching fraction is about 10%); here, φ is the generic notation for the neutral Higgs bosons h, H, and A.
Searches for neutral supersymmetric Higgs bosons at the Tevatron accelerator are performed by using the following signatures: the signature of direct Higgs boson production and its subsequent decay to two τ leptons (this is a relatively "clean" signature accompanied by a small background of QCD processes, but the respective branching fraction is modest, about 10%), the signature of associated Higgs boson and b-quark production followed by Higgs boson decay to a bb pair (this process has a larger branching ratio of about 90%, but it is more strongly contaminated by the background of QCD processes), and the signature of associated Higgs boson and b-quark production followed by Higgs boson decay to a τ τ pair (a reduced background of QCD processes and a higher sensitivity in the region of small M A ). . The processes in which the direct production of a neutral Higgs boson and its production in association with a b quark are followed by Higgs boson decay to a τ τ pair were considered. Both the leptonic and hadronic modes of τ decays were taken into account. The respective analysis did not reveal any piece of evidence of the production of a neutral supersymmetric Higgs boson. The observed picture is well described by the Standard Model. Figure 1 shows the distribution of log(S/B), where S is the value expected for the signal at the parameter value of M A = 100 GeV, while B is the expected background from Standard Model processes. In Fig. 2 , the resulting limit on the cross section for the production of a neutral Higgs boson is shown as a function of its mass.
Also, new limits on the cross section for the production of a neutral sypersymmetric Higgs boson were obtained in the D0 experiment in 2009, both direct and associated neutral Higgs boson production followed by Higgs boson decay to a τ τ or a bb pair being considered there. The analysis was performed on the basis of statistics corresponding to the integrated luminosity of 2.2 (φ → τ τ ), 1.2 (bφ → bτ τ ), and 2.6 fb
. This analysis did not reveal significant deviations from the Standard Model predictions. Accordingly, new limits on the cross section for the production of a neutral Higgs boson were established. In the parameter plane spanned by M A and tanβ, the region up to values of tanβ ≈ 30 or 35 could be excluded in the mass range 120−160 GeV/c 2 .
Searches for Charged Higgs Bosons
The results of the CDF experiment on searches for charged supersymmetric Higgs bosons on the basis of statistics corresponding to the integrated luminosity of 2.2 fb −1 were reported in 2009 [5] , ttpair production followed by t-quark decay to H + b being considered there. In MSSM, the branching fraction for the decay process t → H + b is relatively large if tanβ is small (less than or about unity) or great (greater than or about 15). In the first case and at a low mass of H + (not greater than 130 GeV/c 2 ), the decay H + → cs is dominant, while, at a larger mass, the decay H + → t * b → W bb comes to the fore. In the second case, the decay H + → τ + ν prevails.
The t → H + b topology, where H + → cs, was studied in the case being considered. The invariantmass distribution of dijets was considered in searches for deviations from Standard Model predictions (the process t → W + b followed by the hadronic decay of W is the main background process here). No statistically significant deviations from Standard Model predictions were discovered; accordingly, new limits on Br(t → H + b) were set. These limits are shown in Fig. 3 under the assumption of Br(H + → cs) = 1 and versus the mass of the charged Higgs boson.
Searches for Neutral Higgs Bosons within nMSSM
Within nMSSM, the scalar Higgs boson (h) decays in the majority of cases to a pair of light neutral pseudoscalar Higgs bosons (a). In the region 2m μ < M a 3m π , boson a decays to a μμ pair in nearly 100% of cases. As the mass of boson a increases, hadronic decay modes come to be dominant, while, in the mass range m τ < M a < 2m b , the decay mode a → τ τ prevails.
In 2009, the D0 Collaboration presented the result of searches for a light pseudoscalar Higgs boson in the process h → aa, aa → μμμμ or aa → μμτ τ on the basis of statistics corresponding to the integrated luminosity of 4.2 fb −1 [6] . Events involving either two pairs of collinear (consequence of small M a ) muons or events containing one pair of collinear muons and a large missing energy, as well as one unisolated or weakly isolated muon or electron from tau-lepton decay, were selected. In the case being considered, the background is dominated by QCD processes and the decays Z/γ * → μμ + jets. Figure 4 shows the invariant-mass distribution of dimuons for data (after all selections and cuts), the background from Standard Model processes, and the signal for various values of M a (M a = 3.6, 4, 7, 10, and 19 GeV/c 2 ). In the mass region around 4 GeV/c 2 , there is some excess of the number of events in data above the background (4 events in data versus 1.1 background events and 3.3 signal events), but the scarcity of statistics does not yet permit drawing any far-reaching conclusions.
SUPERSYMMETRY
Supersymmetry (SUSY) theory postulates the presence of symmetry between boson and fermion states and predicts the existence of supersymmetric partners for Standard Model particles. Such partners differ only in spin (bosons correspond to fermions, and vice versa). The concept of R parity, which is a multiplicative quantum number equal to +1 for Standard Model particles and −1 for their supersymmetric partners, is introduced in the theory. In minimal supersymmetric extensions of the Standard Model (Minimal Supersymmetric Standard Model, or MSSM), one postulates R-parity conservation (yet, there are supersymmetry models involving R-parity violation), which has two important implications. First, supersymmetric particles are produced in pairs.
Second, the lightest of supersymmetric particles (LSP) must be stable, providing a natural solution to the dark-matter problem. So far, experiments did not reveal any experimental indication of the existence of sypersymmetric particles, and this implies their large masses and, hence, a large mass difference between Standard Model particles and their supersymmetric partners. This in turn means that supersymmetry is a broken symmetry. Several supersymmetry-breaking mechanisms have been proposed; of these, we will be interested first of all in the minimal supergravity (mSUGRA) model, where supersymmetry is broken via interaction with gravity. This model is characterized by five parameters: universal masses for scalar and gauge superpartners at the Grand Unification scale, m 0 and m 1/2 ; a universal trilinear coupling constant at the Grand Unification scale, A 0 ; the ratio of the vacuum expectation values of the Higgs fields, tanβ; and the sign of the higgsino mass parameter, sgn(μ).
Searches for Supersymmetric Partners of the t Quark
In 2009, the D0 Collaboration presented a refined result on searches for supersymmetric partners of the t quark in the channeltt → bbe ± μ ∓νν . This result was obtained on the basis of statistics corresponding to the integrated luminosity of 3.1 fb −1 [7] . In analyzing respective data, it was assumed that the supersymmetric partner of the t quark decays through the channelt → blν and that the supersymmetric neutrino (sneutrino)ν appears as the LSP. Thus, the final state involves two unlikely charged leptons, two jets formed by b quarks, and a large missing energy carried away by the LSP.
Here, the background receives a dominant contribution from processes leading to the production of isolated pairs of electrons and muons: Z/γ * → τ + τ − , W W, W Z, ZZ, and tt. The PYTHIA generator [8] was used to estimate this background. Events in which electrons, muons, or jets were misidentified or in which the missing energy was measured incorrectly are yet another source of background. The background from such processes was estimated directly on the basis of data.
After all selections and cuts, 288 events were selected in the data, the background from Standard Model processes being estimated at 303 ± 20(stat.) events. Thus, it can be concluded that no manifest indication of the pair production of a supersymmetric partner of the t quark was discovered in the above statistics and within the topology being considered. Limits on thet mass versus theν mass at a 95% C.L. were obtained and presented in Fig. 5 .
In 2009, the CDF Collaboration presented results obtained from searches of the supersymmetric partner of the t quark in the channelst → cχ 0 1 andt → bχ
1 on the basis of statistics corresponding to the integrated luminosity of, respectively, 2.6 and 2.7 fb −1 [9] . For the signatures in those searches, use was made of events involving two jets from heavy quarks and a large missing energy in the first case and events involving two jets from heavy quarks, two leptons, and a large missing energy in the second case.
After all selections and cuts, 115 and 57 events in the data were selected for the channelst → cχ 0 1 andt → bl ± ν lχ 0 1 , respectively, the expected background level being 132.0 ± 24.4 events for the former and 56.4 ± 7.2 events for the latter. Obviously, the available data are well described within the Standard Model; therefore, new limits on the cross sections for the production oftt pairs were set. In the mt−mχ0 1 mass plane, Fig. 6 shows the region excluded by a data analysis for the channelt → cχ 0 1 .
Searches for Supersymmetric Partners of Gauge Bosons
Supersymmetric partners of gauge bosons were sought in channels involving three leptons and a large missing energy in the final state. The most probable processes featuring supersymmetric particles and leading to this topology at hadron colliders are processes involving the double production of charged (χ . In order to improve the detection efficiency for such processes, particle identification is usually required only for two leptons-that is, final states featuring ee, μμ, eμ plus an isolated track in the central tracking system and a large missing energy are considered.
In 2009, the CDF Collaboration presented a new combined result for all of the topologies considered above [10] . The total statistical sample for analysis corresponded to the integrated luminosity of 3.2 fb −1 . After all selections and cuts, the number of selected events (summed over all final states being considered) was 7 for the data and 10.84 ± 1.34 for Standard Model backgrounds-that is, no excess of events in the data over the expected number of events from Standard Model background processes was discovered. A new upper limit was set on the cross section (Fig. 7) , and a new lower limit of 164 GeV/c 2 on theχ 
SEARCHES FOR LEPTOQUARKS
The existence of leptoquarks, which are scalar and vector bosons having a fractional electric charge (an integral multiple of 1/3), carrying both lepton and quark quantum numbers, and accordingly decaying to a lepton and quark, are predicted in many Standard Model extensions, such as Grand Unified Theories, technicolor, and various theories assuming the composite structure of quarks. Within such theories, it is additionally assumed that leptoquarks may decay only to leptons and quarks of respective generations; therefore, one distinguishes between first-, second-, and third-generation leptoquarks. Double production is the main process leading to leptoquark production at hadron colliders. By the way, the cross section for leptoquark production depends on the leptoquark mass, but it does not depend on leptoquark coupling to the corresponding quark or lepton. If we denote by β = Br(LQ → lq) the branching fraction for the decay process LQ → lq, then Br(LQ → νq) = 1 − β and Br(LQLQ → lνqq) = 2β(1 − β).
In 2009, the D0 Collaboration presented the result obtained from searches for third-generation leptoquarks in pp → LQ 3 LQ 3 → ν τ ν τ bb topology on the basis of statistics corresponding to the integrated luminosity of 4.0 fb −1 [11] . Two jets identified as jets from b quarks and a large missing energy served as a signature for these searches. It should be noted that, apart from leptoquark searches, this signature may be used to seek the lightest supersymmetric partner of the b quark decaying through the channelb 1 → bχ 0 1 . After the application of all selections and cuts, three candidates were selected versus the expected background of 3.2 ± 0.3(stat.) ± 0.6(syst.) events from Standard Model processes. Obviously, these data are described satisfactorily on the basis of the Standard Model; accordingly, a new limit was set on the cross section for the double production of thirdgeneration leptoquarks. The respective lower limit on the leptoquark mass was 252 GeV/c 2 at a 95% C.L. for β = 0. Also, new limits on the cross section for the production of the lightest supesymmetric partner of the b quark were also obtained from that analysis.
SEARCHES FOR HEAVY RESONANCES DECAYING TO AN ELECTRON-POSITRON PAIR
The Standard Model gauge group SU (3) C ⊗ SU (2) L ⊗ U (1) L may be part of a larger gauge group-for example, SO(10) or E(6) [12] . This assumption is used to construct various models within Grand Unified Theories (GUTs). In many GUT models featuring spontaneous symmetry breaking, the U (1) group survives at relatively low energies, leading to the existence of heavy neutral gauge bosons, which are frequently denoted by Z . Such Z bosons are coupled to fermions in the Standard Model through electroweak interactions. At hadron colliders, such particles can be found, for example, in the processes pp → Z → ee. Such particles appear not only in GUTs but also in models involving extra spatial dimensions. For example, the Randall-Sundrum (RS) model [13] predicts the presence of heavy gravitons, which may decay to a ee pair. The graviton mass M G and the dimensionless coupling k/M Pl to Standard Model fields, where k 2 characterizes the spacetime curvature of the extra dimension, are basic parameters of the model.
In 2009, the D0 Collaboration presented results obtained from searches for similar heavy neutral resonances decaying to an electron-positron pair. These searches were based on statistics corresponding to the integrated luminosity of 3.6 fb −1 [14] . It is noteworthy that a similar analysis performed earlier in the CDF experiment on the basis of statistics corresponding to the integrated luminosity of 2.5 fb −1 [15] revealed some excess of events in data over the expected number of events from Standard Model background processes in the region of dielectron invariant masses around 240 GeV/c 2 . The respective results of the D0 experiment do not confirm this observationthe data fit well in Standard Model predictions, showing no excess of events. New upper limits on the cross sections for Z and G production were deduced within the corresponding models, and new lower limits on the masses of these particles were obtained and are presented in Table 1 A final state featuring an electron, two jets, and a large missing mass were considered in this analysisthat is, events where the first W boson decays to an electron and a neutrino and where the second (W or Z) boson decays through a hadronic channel via the formation of two jets were selected. The total statistical sample used in that analysis corresponds to the integrated luminosity of 2.9 fb −1 . The results obtained in this way were interpreted within the hypotheses of the existence of heavy Z and W bosons, as well as within the RS model, which involves a heavy graviton (k/M Pl = 0.1).
In order to isolate a signal in each of the models being considered, use was made of various cuts on the total transverse energy of eν and jet 1 jet 2 pairs. As a result, 75 events against the expected background of 75.62 ± 2.48(stat.) ± 11.23(syst.) events from Standard Model processes were selected for the hypothesis of a heavy graviton. For the hypothesis of heavy-Z production, 51 events were selected against the expected background of 43.16 ± 2.33(stat.) ± 5.68(syst.) events. For the hypothesis of heavy-W production, the respective results are 38 events against the expected background of 41.33 ± 1.47(stat.) ± 6.88(syst.) events. We can see that there are no significant deviations from Standard Model predictions. Thus, heavy Z , W , and G resonances were not observed in the topologies being considered. New upper limits on the cross sections for the production of these resonances were accordingly established, and the lower limits on their masses were obtained and are presented in Table 2 .
SEARCHES OF A HEAVY t QUARK IN EVENTS FEATURING LEPTONS AND JETS
Searches for fourth generation heavy fermions, whose existence is predicted in many Standard Model extensions, is one of the interesting lines of investigations in searches for new physics. Measurements at the LEP collider made it possible to rule out the existence of fourth-generation neutrinos in the mass range m(ν 4 ) < m Z /2, where m Z is the Z-boson mass. On the other hand, the mass of such a neutrino cannot be overly large because this would entail the growth of radiative corrections [17] . If we assume that m(ν 4 ) ∼ m Z /2, then radiative corrections remain small [18] , and the existence of heavy quarks having masses around 400 GeV/c 2 becomes quite possible. It is important to note that, in the models being considered, the admissible mass range Preliminary results t ' → Wq , Ն 4 jets H T vs. M reco Fig. 8 . Limit on the cross section for the double production of a heavy quark t versus its mass along with the theoretical value of the cross section for the double production of t t .
for Higgs bosons proves to be much wider than in the Standard Model-the upper limit on the Higgs boson mass moves to 500 GeV/c 2 . In such models, the mass difference between heavy b and t quarks proves to be quite modest (m b + m W > m t ); therefore, t → W q, where q is down-type quark (d, s, b), appears to be a dominant mode of heavy-t decay [19] . Models in which similar heavy quarks arise also include some sypersymmetry models [20] and Little Higgs (LH) models [21] . The CDF Collaboration also presented results of an analysis aimed at searches for the double production of a heavy t quark decaying through the channel t → W q (q = d, s, b); events where one of W decayed through a leptonic channel and where the other decayed through a hadronic channel were selected in this analysis. This means that the finalstate signature included a lepton, four jets, and a large missing energy carried away by a neutrino [22] . The total statistical sample used in performing this analysis corresponded to the integrated luminosity of 2.8 fb −1 . This analysis did not reveal any significant deviations from Standard Model predictions for masses of the hypothetical t quark in the range extending up to about 400 GeV/c 2 . In the region of higher masses (around 450 GeV/c 2 ), however, there is some excess of events in the data above the number of events that is predicted on the basis of the Standard Model. Yet, the small number of events in this region gives no way to draw more definitive conclusionsthe available statistics impose stringent limitations on this analysis. In the future, it would be of interest to repeat this analysis for vaster statistics. For the time being, limits on the cross section for the production of a heavy quark t subsequently decaying to W q versus its mass were established (see Fig. 8 ). The resulting lower limit on the mass of this quark is 311 GeV/c 2 .
CONCLUSIONS
Although there are many problems inherent in the Standard Model, it works astonishingly well, and the most recent results from experiments at the Tevatron accelerator only confirm this. So far, no data that would provide unambiguous indications of the existence of new physics beyond the Standard Model have been obtained either in the D0 or in the CDF experiment, even though the respective searches have been performed along a wide variety of lines (only some of them are listed in the present article). Yet, it should be noted that the results considered above were obtained on the basis of statistics corresponding to the integrated luminosity of 3 to 4 fb −1 , but statistics corresponding to an integrated luminosity of about 7 fb −1 have been accumulated to date in experiments at the Tevatron; over the time that remains until the completion of accelerator operation, it is planned to accumulate statistics corresponding to an integrated luminosity of 10 to 12 fb −1 . An increase in statistics by a factor of two to three may prove to be quite sufficient for the discovery of new-physics effects even at the Tevatron. Moreover, the commissioning of the Large Hadron Collider (LHC) will make it possible to increase greatly our potential in this respect.
Much more detailed information about the work already done and the work under way on searches for new physics in the D0 and CDF experiments can be found on the websites of the two experiments [23, 24] .
